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The research reported in this paper explores 
autonomous technologies for agricultural farming 
application and is focused on the development of 
multiple-cooperative agricultural robots (AgBots). 
These are highly autonomous, small, lightweight, and 
unmanned machines that operate cooperatively (as 
opposed to a traditional single heavy machine) and are 
suited to work on broadacre land (large-scale crop 
operations on land parcels greater than 4,000m2). 
Since this is a new, and potentially disruptive 
technology, little is yet known about farmer attitudes 
towards robots, how robots might be incorporated into 
current farming practice, and how best to marry the 
capability of the robot with the work of the farmer. This 
paper reports preliminary insights (with a focus on 
farmer-robot control) gathered from field visits and 
contextual interviews with farmers, and contributes 
knowledge that will enable further work toward the 
design and application of agricultural robotics. 
Author Keywords 
Computer-Human Interaction, Human-Robot Interface, 
Agricultural Robots, Multi-Cooperative-Robots 
H.5.m. Information interfaces and presentation (e.g., 
HCI): Miscellaneous.  
Permission to make digital or hard copies of part or all of this work for 
personal or classroom use is granted without fee provided that copies are 
not made or distributed for profit or commercial advantage and that 
copies bear this notice and the full citation on the first page. Copyrights 
for third-party components of this work must be honored. For all other 
uses, contact the Owner/Author.  
 
Copyright is held by the owner/author(s). 




Queensland University of 
Technology (QUT), 
Computer-Human Interaction  
(CHI) Discipline, 




QUT, CHI Discipline, 




QUT, CHI Discipline, 
Brisbane, Queensland, AUS. 
d.vyas@qut.edu.au 
 
Owen Bawden, Ray Russell  
and Tristan Perez 
QUT, 
Robotics and Aerospace Discipline, 






QUT, CHI Discipline, 
Brisbane, Queensland, AUS. 
m.brereton@qut.edu.au 
 
Work-in-Progress CHI 2015, Crossings, Seoul, Korea
1067
 Introduction 
Agricultural robots and advances in other agricultural 
technologies have potential to address central problems 
faced by agricultural farmers today including soil 
compaction, herbicide resistance and nutrient 
management. In addition, agricultural robots offer 
capabilities for detection and monitoring tasks related 
to bio-security (i.e. the protection of animals and plants 
from pests and disease). A challenge of evolving 
agricultural robot prototypes is to incorporate the 
development of technology specific features (e.g. 
autonomy, mechanical build) with the key development 
of human-robot interaction. This requires an 
understanding of farmer requirements for prototype 
design, including moving beyond control interfaces that 
require expert coding to development of a farmer-robot 
control interface. 
Our research team is a collaboration of researchers 
from both the Computer-Human Interaction and 
Robotics disciplines. The purpose of our research 
collaboration is to understand better the farmer’s 
perspective of agricultural robots in order to inform 
design that addresses both technology specific features 
and human-robot interaction. In this section we 
describe the background of this work including existing 
agricultural technology and the Multi-Cooperative-Robot 
(MCR) concept of agricultural robotics. 
Existing Agricultural Technology 
Precision Agriculture (PA) is a technology enabled 
management concept aimed at increasing long-term 
productivity, profitability and sustainability of the 
agricultural farming industry [1]. Widely used examples 
of PA technology are Controlled Traffic Farming (CTF) 
where machinery is steered in defined tracks through 
crops using Global Navigation Satellite System (GNSS) 
technology, and Variable Rate Technology (VRT) where 
sensors are used to control precise application of seeds 
for crop planting, and of pesticides, herbicides, and 
fertilisers to crops. CTF addresses the ongoing problem 
of soil compaction from the axel load of heavy 
machinery by confining the area of compaction (and 
decreases expenses related to land renovation), while 
VRT allows to implement a site-specific managing of 
crops in the paddock. This decreases wasteful 
application of inputs and increases yield and reduces 
yield volatility—thus increase profitability. Other widely 
available technologies include monitoring of machine 
software and sensors (including remote access of 
diagnostics from manufacturers) and crop yield 
monitoring technology. These examples of agricultural 
technologies are applied to traditional large farming 
machines (e.g. 25 tonne tractors with a driver on 
board, 48 metre spray rigs) (figure 1) and in Australia, 
are typically only in use on larger scale farms 
(broadacre farming) (figure 2). Farmers that have 
already invested in, and are knowledgeable about PA 
technologies, are the most likely early adopters of 
agricultural robots. 
The Multi-Cooperative-Robot (MCR) Concept 
An envisaged next stage in agricultural machine 
autonomy is described as the operation of multiple-
cooperative agricultural robots (AgBots). The MCR 
concept shifts from using large machines to smaller, 
lighter, slower and more energy efficient unmanned 
machines that work as a team. Existing PA technologies 
and advances in agricultural technologies such as novel 
alternative weed destruction methods (i.e. mechanical, 
microwave, thermal and solarisation) are applicable to 
AgBots. In addition, the MCR concept proposes 
Figure 2. A broadacre field with stubble 
from a previous crop due to increasing 
adoption of no tillage (no disruption to 
the soil). 
Figure 1. A large-scale machine used 
for broadacre farming. 
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 communication with other autonomous vehicles (e.g. 
unmanned aircraft). Challenging aspects include the 
efficiency, robustness and reliability of the technology, 
the human-machine interface, regulation and 
certification, the cost to farmers, and other legal and 
socio-economic aspects [2]. 
The following sections describe our contextual study 
with farmers and findings. The purpose of this paper is 
to report preliminary design implications for the 
development of AgBots, with a focus on the farmer-
robot control interface. 
Methods 
We have made field visits to four agricultural farms in 
Queensland, including contextual interviews with nine 
farmers. The farmers were the owners of the farms we 
visited, or friends and family that owned and farmed 
other land. The farms are family run with all the 
farmers working full time on the farm (mostly in farm 
labour), with labour hired according to the needs of the 
farm (e.g. size, labour intensity of the farming style). 
The crops vary between the farms and include 
sorghum, wheat, barley, chickpeas, corn, lucerne and 
cotton. The majority of the farmers own multiple lots of 
land. Total farming land varies in size between 236 
hectares (584 acres) and 15,000 hectares (37,066 
acres), and with the exception of the smallest, adopt PA 
technology (the most common being CTF). 
The purpose of the field visits was to gain 
understanding of farming practice, and to hear the 
farmers thoughts about incorporating AgBots into their 
farming practice. We have visited each of the farms 
once to date and spent between 3 and 4 hours at each 
farm. During the visits we introduced the MCR concept 
and showed videos of two early AgBot prototypes that 
were built to test vehicle autonomous features such as 
sensing and navigating around obstacles. (figure 3 and 
4). We then carried out a contextual interview, 
including a tour of the fields, crops, buildings, 
machinery and associated technology.  This contextual 
inquiry enabled us to learn about farming practice and 
to see, through discussion and demonstration by the 
farmers (e.g. undulations in the land, the growth 
stages of weeds), the potential and challenges of 
adopting AgBots. 
The contextual inquiries were audio recorded (including 
during the tour of the farms), and photos were taken 
primarily of farming infrastructure. The audio has been 
transcribed and preliminary analysis of this data has 
focused on mapping current practice of operating 
farming machines and associated technologies, and 
drawing out design implications for farmer-robot 
control. 
Findings 
This section outlines findings about farmer perspectives 
of the most appropriate labour tasks to prototype 
AgBots for, and of the challenges of the mechanical 
build of AgBots for farm conditions. Following this, we 
describe the farmers’ perspective of farmer-machine 
control for existing large farming machines (e.g. 
tractors and harvesters), and for new scenarios of 
farmer-robot control. 
Tasks for Multiple-Cooperative Agricultural Robots 
The farmers highlighted the importance of good weed 
control and the escalating consequences in following 
years from allowing weeds to seed. One of the major 
challenges identified by the farmers is weed resistance 
Figure 4. A CGI of the Agricultural 
Robot prototype to demonstrate and test 
vehicle structure. The dimensions are 
about 2.5m long x 3m wide x 1.5m high. 
Figure 3. The first agricultural robot 
(AgBot I) prototype to demonstrate and 
test navigation around obstacles. The 
dimensions are similar to a golf cart. 
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 to chemicals and the associated costs of either applying 
increased dosages, or using specialized and expensive 
chemicals to control weeds. If there are not enough 
weeds in the field to justify the cost of spraying an 
entire crop with chemical, weeds are either individually 
sprayed or removed by hand. Spot spraying can be 
done manually (e.g. using a lever system on a tractor) 
or with spray rigs fitted with sensors (that seek out and 
spray individual weeds).  However these rigs are 
expensive and some farmers described the difficulty of 
achieving sensor accuracy across a 36 to 48 metre 
boom. Removing individual weeds by hand is referred 
to as ‘chipping out’ and involves using a hoe or similar 
kind of blade instrument (figure 5). 
The farmers described chipping out as a difficult, labour 
intensive, and time consuming task, however this 
method is common practice for efficient and economical 
weed control.  One farmer had spent the last two days 
in hot conditions, from daylight to dusk removing 
weeds using this method.  With the exception of one of 
the farmers that employed staff for this kind of work, 
the farmers themselves were the ones to carry out this 
work. The farmers could envisage AgBots as being 
most useful for removing individual weeds across large 
areas of land as their scale is suitable to precision work, 
the sensors can be trained to accurately identify weeds, 
they can potentially control weeds by alternative 
methods (e.g. microwave) to decrease chemical costs, 
and free up much needed time. 
Mechanical Build Challenges 
While the mechanical build of the robot will be most 
effectively worked out in future field trials, the farmers 
pointed out that reliability of autonomy is a big issue 
with changing farm conditions, including varying crops 
and crop heights, crop rows (where the machine wheels 
run) that are washed out, wet or boggy, or have large 
cracks in them, and undulations in the land. The 
farmers are cautious about the endurance of small 
machines and about the level of monitoring and 
attention that may be required in a boardacre farming 
environment, however a large part of their work 
involves thinking through mechanical design problems 
(figure 6) and overall they are enthusiastic about the 
potential of AgBots and are keen to test prototypes. In 
addition, the farmers were interested in the idea of 
assembling ‘flat pack’ robots for early prototype testing 
on their farms. While this is an economical research 
solution for prototype production, the farmers 
welcomed the opportunity for hands on involvement in 
prototype development, to give feedback for prototype 
iterations, and the potential of flat pack robots as a 
feasible solution for future investment. 
Farmer-Robot Control 
We found the main challenges of farmer-machine 
control are the level of complexity across multiple 
systems, the lack of employees skilled in operation of 
the systems, and access to reliable and economical 
communications and data storage services. These 
problems are ongoing and are the likely everyday 
scenarios that farmer-robot control systems will need 
to operate within.  In addition, the shift to unmanned 
machines operating on broadacre land plots requires 
farmer-robot control that provides reliable and useful 
remote monitoring and access. 
Most of the farmers we spoke to use multiple machine 
interfaces for office administration, weather stations, 
moisture probes, PA technologies, and tractor 
operation.  This requires the farmers to work across 
Figure 5. A Rolly Polly weed in a crop 
that requires individual chipping out. 
Figure 6. A typical farmers workshop 
shed with spare parts for machines and 
other tools and equipment. 
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 many proprietary systems that are not compatible with 
each other, to work with large gaps in between use of 
particular interfaces (e.g. as they might only used at 
harvest time), and with large amounts of varying data.  
In addition, farmers need to train their staff to use 
machine interfaces and provide remote support if staff 
have problems while operating a machine in the fields. 
Of the twenty staff employed by one farmer, only one 
is considered to have computer skills suitable for the 
level of the systems that are in use on the farm. All the 
farmers we spoke to were the main decision makers 
across their farming operations. Most of the employees 
are hired as labour (e.g. to drive tractors) with only a 
few in management positions, or skilled enough to 
operate the more complex machinery such as spray 
rigs and planters (with the exception of contractors 
hired for short term and specific work). 
Access to reliable and economical communications and 
data storage is an increasing problem for farmers.  
Although some of the farmers do use mobile phones for 
remote access to machine settings (e.g. large 
irrigators), they found that the connections were 
unreliable, and they were often required to physically 
reset the system on the machine which defeats the 
purpose of remote or mobile access.  Others opted out 
of mobile access to machines because of the cost of 
data subscription for the service.  In addition, Web 
download quotas are limited to 15GB per month 
(although one farmer was recently able to negotiate 
25GB) and are expensive in comparison to urban 
regions. This impacts access to remote data storage 
services that are useful for archiving farm images (e.g. 
aerial images of crops), maps, and other data collected. 
While these are significant challenges for the use of 
farming systems, many of the farmers were very keen 
to be involved in using an open source community 
model for developing and evolving software for AgBots 
as most are frustrated by the closed systems of 
proprietary software.  Some mentioned the attraction 
that this model could have for the younger generation. 
Although very recently large-scale unmanned machines 
have been used in agricultural farming, they are 
designed to work alongside a machine with an operator 
on board, and can be kept in sight by that operator. 
The shift to highly autonomous and unmanned vehicles 
presents a new scenario of machines working out of the 
sight of farmers or their operators. While some of the 
farmers were quite skeptical about the reliability of this 
scenario, they did suggest that running the machines at 
the ratio of one operator (that was on call for 
monitoring and maintenance) to about 3 or 4 machines 
could be manageable. In addition, they suggested that 
as well as remote access of machine diagnostics, 
remote sight or an overall picture of the machines 
would be useful for checking the machine (e.g. that it 
isn’t dragging something behind it), and for taking the 
right tools to the site when there is a failure. 
Design Implications 
This section lists the design implications (drawn from 
the findings) for future development of AgBots. 
! AgBots are most suited to precision work that 
requires accuracy and is difficult to achieve across large 
machinery, such as 48 metre boom sprays.  
! Farmers are competent at and interested in 
thinking through mechanical build problems, and 
participatory engagement [3] of farmers in the design, 
Work-in-Progress CHI 2015, Crossings, Seoul, Korea
1071
 testing, and evolution of AgBot prototypes would be 
beneficial to both the farming community and this 
research.  
! The mechanical build of the system should remain 
open for ongoing maintenance and adaptability.  
! Varying levels of access to the interface system are 
necessary, with a simple level of control available for 
non-skilled labour, and more complex levels of 
administration by farm managers.  
! Rural communication infrastructure can not be 
assumed to the adequate for reliable remote access, 
and should be addressed as part of the design of 
unmanned robots.  
! The data collected by AgBots should be relevant to 
the scale of the operation and should be stored in 
manageable data package sizes.  
! Farmers welcome an open source community 
model for the software development of AgBots and this 
should be set up early and in a way the encourages 
participation from farmers.  
! The ratio of operators to AgBots needs to be 
manageable in terms of the workload of monitoring and 
maintenance of these vehicles.  
! Remote views of AgBots should give adequate and 
easily interpreted visual information about the state of 
the machine and nature of failures. 
 
Conclusions and Future Work 
The farmers that we interviewed were keen to discuss 
the potential benefits and challenges of AgBots, and 
many are enthusiastic about being involved in testing 
early prototypes for weed control.  However, there are 
significant challenges to be addressed in both the 
mechanical build of the robot, and the development of 
farmer-robot control interfaces.  Our approach of 
visiting farms to make contextual inquiries has enabled 
us to learn about current farming practice, to map 
preliminary understanding of how AgBots might work 
into and be beneficial to this practice, and to initiate a 
relationship with the farming community for future 
cooperative work. This paper contributes design 
implications for the development of AgBots grounded in 
the knowledge gained from our farm visits.  This 
approach and knowledge will be applied to our future 
work in developing AgBots. 
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